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° ABSTRACT

As developers we often find ourselves shifting from one role
to another throughout the,scope of a project. At first, constrained
by real worlu limitations-we seek strategies that improve precision
in our work. Later, we mdy wonder why certain strategies are more
effective and explore these questions. It is not a matter of which
is better -~ prediction or understanding -- for these are separate
and distinct issues and should be judged accordingly. 7This paper
primarily addresses the praxiological question, a question of
alternatives {which?) rather than the theoretical or scientific
-question (why?). Yet, in a serendipitous way those questions of
alternatives may lead to statements of understanding. We often hope
they do, but we will not have failed if they do not.

ED140789

This study explored the effects of three different represen-
tations of functional algorithms in an introductory chemistry-
laboratory. Intact classes were randomly assigned to a flowchart,
1ist, or standard prose representation of the procedures
(algorithms). At the completion of 11 laboratory sessions data were
collected on critical thinking ability as measured by the Watson-
Glaser Critical Thinking Appraisal. Additionally, laboratory
instructors' estimates of completion time for.each lab were obtained.
Analysis indicates that mode of representation prodices no signifi-
cant difference between groups on critical thinking ability. However,
a differential effect in laboratory completion times was found.

. Association for /[Educational Communications and Technology; v
) , Midmi, Florida, April 25-29, 1977
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INQUIRY IN DEVELOPMENT:

Efficiency and efféctivene és‘of algorithmic representations
in a 1abqrat0ry s1tuat1on

William C. Coscarel;} vf%‘-\\\\\‘;##//

BACKGROUND OF THE DEVELOPMENT PROJECT
In the fall of 1974, a single and eparate two-creﬂit Ehemistry
WaeeratOry course was created at india é University for stqdents
~faking one of twQ poesible jecture co rsef, Chemistry 100 or
Chemistry 101. Chemistry 100 is a eme-semester terminal course

/
}he course, basic topics such

ki designed primarily for students ma briyg in liberal arts, business,
or education. In the first th1rd//

" as atomic theory, bonding, and ;yre34d1mens1onal molecular struc-
ture are discussee. The middie third deais with Targe molecules

and bioloéica? chemistry. Th ‘f1na1 third examines topics of con-

temporary interest inciuding drbgs, food add1t1ves, pollut1on, etc.

Little, if any mathemat1cs siused in this course. Chem1stry 101,

is the first semester of Q/Jfo semesteY seqiuence des1gned for non=-
nilv

sciencé majors and those ariocus alliéd health fields who do

not need more than two sémefters of chem1stry In this course,

the basics of atomic theorﬁ, vonding structure, ete., are studied
) !

in more detail. Addiyionaﬁly, moTe calculations, the gas laws,
!
chemical equilibrium, SzheTical react:vity, 0x1dat1on reduction,

isomerism, and 1ntr3ﬂbttory organic chem1stry are presented . .
/ ;

There is no chem?stfx pnerequ|site for C100, C10%, or the labora-

tory course. Desg{le the differences in the needs and béckgrounds
of students enrol}e& rh C100 and C101, a laboratory course had to 1

P

be designed whicﬁiwou1d serve both groups. These differences in *
) ; :
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course content and emphasis do qu%te clearly produce students having
different backgrounds of chemical knowledge. Since no one back-
g}ound can be assumed, the laboratory course has to prdvide any'
information necess&ry for the successful completion ‘of an experi-
ment. During the fa?f'semgsﬁér of 1974, the course was presented
‘n.a rather_traditiohalﬁ%d?éat and the problems with this approach
became evident. In tbe Spriﬂg:semester of 1975, a concerted effort ]
was made to develop the courgé_wjgh;ihe assistance of the Division

Tgﬁ Development and Special P(Oqut% at Indiana University.

% .; P

FINAL PRODUCT OF THE PROJECT™ = **%° ° o

a. Components _ T L .

e

From the results of a'studgnf'guégtisnnaire and a knowledgé
of the level of pe}formance which the students had achieved (as
assessed from the results of V?ffaus exams conducted throughout
the semester), a basic instructional format was designed gnd
appiied to 'each of the experiments and study egercises used
throughout the cpdrse. Each laboratory experiment or exercise
was presented in a Learning Activity'Paciage (LAP) form. These
packages contain seven components and range in lkngth from 13 to

41, single-spaced typewritten pages. The sections are described

as follows: {1) Introduction: Each experiment is introduced by

describing the nature of the problem to be investigated.

(2) Objectives: A detailed 1list of objectives is provided and

divided into three sections: {a) Entry behaviors (those tasks
_which the students are expected to be able to perform before they
begin the experiment), (b) procedures (those tasks which pertain

to procedural aspects), and (c) instruction and results (those
~ ’
)

e .
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.tasks which deal with background material, cdlgulations, inter-

pretation of results, etc.). (3) Instruction: A discussion of

the'princip]es, calculations: etc., which arz {nvolved with the
experiment is provided Often, more than one type of 1nstructional
approach, such; as prose, programmed instruction, practice problems
" in the text,. 1% used in this section. The physical length and com-
plexity of this mdter1al varies from one experiment to ahdther.

(4) Procedures: ﬁ detailed discussion of the nature of thé_pro-

cedures section 5sﬂprovided below. (5) Data and Report Sheeis:

*These are sections jin which data are recorded, results are calcu-
i

lated, and interpretations and conclusions are made. (6)‘Advarced

" Study Assignments: Exercises are specially desig;ed to prepare’
students for the'expériment by covering background material as
well as experimental'dethods whenever nécessary.- COmpletion‘df
the Advanced Study Assignment ensures that the student will be
familiar wjth the experiment. COnsequqnily, the student will ;ot

have to spend any laboratory time getting organized. (7) Practice. i

Post Test: This consists of a series of questions'designed to é'
allow the student to evaluate his progress in learning and applying ?;

the principles in the experiment. Answers are provided, the

.material'in the‘instructisu seclion and the quedtions in the

advanced study assignment and practice post test are keyed by
number to the objectives.

b. Measurement of Student Performance

Evaluation of student performance is made in sevéral ways ;

o

during the course of the semester. (1) A pretest over various

arithmetic skills is given at the beginning of the semester.

6
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From the results of this test, students are advised to complete
various remed?al exercises. (2) Advanced study asgignments and
reports are graded weekly— Students can follow their progress.
ang determlne their areas of weakness. (3) Practice post tests
included with the lab material are used oy the student himself

for his own evaluation. They provide immediate feedback.

{4) Four exam%nations are given during the course. The first is
‘a short exam whose.purpose is tc acquaint students with the type
of test items and to show them how exam questions cover the objec-
tives. The other three are full-length exams which include questions
g;t the knowledge level, questions which require application of
principies, and questions which require analysis of information or
synthesis of ideas. Laboratory work constitutes 70 percent of the

student's grade, while exams total 30 :@ ercent.

c. Algorithmization of Procedures

The general package as described above, seemed quite capable

of dealing with many of the problems which the studénts faced. It
did not, however, address the problem of Ltudent anxiety and lack
of confidence. The students a}e 1imited to two hpﬁrs per tabora-

tory session. In order to collect the quantity of information

required to make observations, to perform calculations, and to

reach conclusions in an experiment, the student must compleie his
procedure and he must believe that his information is correct and
complete. Students enrolled in th{s course general?y lack experience
in a laboratory and experimental sjtuation. They are also unfamiliar
with the practice of organizing themse?ve; so that tasks can be )

completed in a reasonable peridd of time. These factors combine

7
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to cause uncertainty, anxiety, and 2 certain number oY errors.
] ' . In order to alleviate these problems and to insure early success
and self-confidence, the procedures or algorithms were presented
in a flowchart form. These flowcharts served vaeious purboses: ’
kl)-To simplify otherwise complicated procedures; (2) To make pro-
cedures more ordanized and efficient, especiallf when several steps
il one section of a procedure are repeated over and over; (3) To
reduce procedures to a series of short steps, so that attention is
focdéed on one eSpect at a’time; (4) To ask quest{ons, and require
" that decisions be made at any appropriate times during the pro-
cedure: An example of a flowchirt appears in Appendix I. "This
- algorithm was designed for 2 portion of a qualitative analysis
experiment iﬁ which 2 mixture is being tested for‘chloride and
jodide ijons. Since these jons interfere with each other, a

separation procedure is required, making the analysis relatively

complicated.

A FRAMEWORK FOR THE PROBLEM

a. Definitions

Each laboratory procedure the student performs is a sequence

of operations that jeads to the solution of 2 problem, in short,

an algorithm.] In addition, these operations or algorithms

¥,

]Landa defined the algorithm as a "precise, generally comprehen-
sible prescription for carrying out a defined sequence of elementary
operat1ons in order to solve any problem belonging to a certain
class. The algorithm has three characteristics:
1) Specificity--direct instructions that preclude chante
components in the choice of actions.
2) Generality--any member belonging to the def1ned class
can.be substituted.
3) Resultivity--the same result is always produced in the
presence of the appropriate data set.
Others (Brecke, 1975; Merrill, 1975; Gerlach, et al, 1975) have
adopted similar definitions. e ,




maintain different levels of control with respect to a given task.

| Viewed from the point of intended goals there are two types
of algorithms: algorithms ¢of transformation and algo;ithms of
identification. The algorithm of jdentification produces a judg- "
ment of the initia]ﬂobjects’ belonging to a certain class, é.gj,
idéntifying the ians in a solution. The algorithm of transfbrm?tipn
produces a change of étate in the initial object; e.gd., combiniﬁg‘
hydrogen and oxygen to form water.

Viewed from the point of control there are also two types of
algorithms. A tgnctional algorithm exists when no other controlt
of the system is necessary by additional systems. A controllingg
algorithm exists to provide a functional algorithm with a set ofﬁ
prqeedures for copfng’with unspecified (by the functioning algorithm)
circumstances, e.g., if a student is using'a functional algorithm
to identify the ions in:a solution and notes a reaction occurring
that is not in the procedures, he can turn to'another set of pro-
cedures oy his teacher to provide the procedures for coping with -
this unexpected circumstance. The procedure he turns to, either
in another book or through the teacher, is the contr0111ng algo-
rithm. It should be noted that the concepts of “functional“ and
“controlli;;“ algorithms are relative. A system that controls
a functional algorithm may be functional itsel}, requiring assis~
tance from another algorithm in the event of a circumstance

occurring that it is not equipped to handle.
Table 1 illustrates the relationship between the goal of

the algorithm and the level of control exercised by the

algorithm. 9




lLevel of Control

Functional " Controlling

Identification

Transformation

Table 1

“Biven that we have determined that a problem a student is

. facing can be solved, via an algorithm we can develop apbﬁbaches

[}

to teaching these algorithms. Whether we wish to teach an.
algorithm of addition, ion identification, or sentence classifi-
cation, we can choose from five basic techniques_(as outlined by
Landa): ‘
(1) Teach the algorithm of solution--We can provide the
student with the algorithm to solve the problem. This
would entail description of steps and decjsion points with
alternative courses of action outlined.
(2) Teach a search algoﬁithm to identify other algorithms--
Al posgible operations and their sequences are given to
the student without eiplaining the algorithm éf solution,
e.g., try switch 'a' and 'b'; if 'x' happens then .do ‘y.’
If not, ‘try 'z,' etc. In carrying out these operations
the algorithm of solution is discovered.
(3) Teach general methods of searching which are non-
algorithmic in nature~--The algorithm is neither explained
or provided. “he student is given instructions that

could lead to the discovery of the algorithm, e.g., “try
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different Qequences,“ “identify the parts.” This approach

feaves open the possibility of not discovering the algorithm.

(4) Teach separate rules of action--Teach the rules that

apply to the situation, withoht any specific ordér, e.g.,

"turn knob A," "move bishop on the diagomal."

(5) Don't explain the algorithm or rules--This implies a

structured environment to allow the student a chance to

carry out search trials. s
) These five categorieé iéentify the possible alternatives
avaiiable to the instructional develéper in specifying instruc-
tional strategies utilizing an algorithmic approéch. One suspects
that certain strategies are more effective and/or efficient under
certain conditions, e.g., situations placing a premium on time to
completion and low error rate for a task would most likely require
the teaching of an algorithm of solution.

"For the developer, acting as inquirer, these catégofies
represent the nuclaus of a concentrate@ research effort in 1&en-
tif&ing optimum strategies for tasks given real world c0pstraints,
e.g:, "low errcr rate," "learn search strategies." Inaeed, the
tocus of the present study is to examine some of the ef%ects of
presenting an algorithﬁ of solution to the learner. .

Because we were dealing with a relatively naive population
(at least in chemistry knowledge) with a high anxiety level and
because we did not have a large amount of time available for

each lab we placed a premium‘on a strategy that would reduce

error rates and increase efficiency. Additionally, we decided

that until the students were more sophisticated we should provide

11
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them with the algorithm of s;lution for each Problgm rather than
v attempt to have them derive the appropriate algorithm. (In our
laboratory situation we were presenting functional algorithms of
identification and transformation.) . ' _
Initially we chose to use flowcharts to represent the
algorithms. As Lewis et al (1), note:

"Flowcharts have compelling advantages over their prose
counterparts. From the user's point of view,. they
simplify the reasoning process in several ways. Instead
of leavirg him to find his own way through a mass of
tiresome prose, they present him with a minimum sequence
of simple {yes/no) questions. Moreover, each question
is unambiguous and relevant...There is never any need
for the user to wonder if, the sentence {(or questicn) he
is reading is relevant to his own case. Anpd there is
never any need for him to wonder what he should consider
next, because each answer automatically routes him to
the next relevant question.”

Finally, Lewis, et al {(2), have demonstrated the advantage of

flowcharts in decreasing task.completion time and decreasing
error rates.

b. Alternative Representations

. Just as there are more ways than one to skin a cat, there

Are more ways than one to represent an algorithm. Each represen-
tation‘can vary in terms of readibility, structural Flarity,
effort required to produce copy, and space required for printing (3).

Classically, ;tahdard prose has been the method of representing
an aldorithm in the laboratory situation. Howeyer, writtgn,instruc-
tions are often presented ip ways that are diff%cult to ;ndérétand
{3, 4, 5). Prose instructions require the reader to process all
information regardless of relevance to the task. This alone could

lead to confusion and an improper solution to the task; especially

when the task itself is fairly compiex. ?urthermore, this complexity

12
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can be compcunded through the grammatical structure of the prose.
As a result pro%e should probably be restricted to situations in
which procedures or instructions are short, have a minimum of inter-

actions ond qualificatioas, and can be presented in positive, active,

- _and affirmative sentences {6).

-

Another alternative representation for an algorithm is the
list form. This representation is closely related to the flowchart
form. The 1ist form r;ﬁléé§§ the graphic characteristic of the
flowchart with prose. Discrete decision points with alternative

tasks are identified through reference to numbered statements.

.So tdb, the reader has only to read what is relevant to Bis specific

task rather than the sum_ total of information that‘wduld need to- be

1Y

read in a prose situation. _ ~

~ ‘Other types of representations: ¢&oded graphics, decision

i&ﬁ?es, and 1ine§r listing (7) have their own unique characteristics
Ibut are:not particularly appropriate for use in this laboratéry

situation. Codeqlgraphs and linear liéts would probably reguire
more skill to use than othe} represehtqtions and could become an
obstacle to the. student rather than a help. Decision tabies are

moere properly used in sifuations requiring identification of parti-

cular conditions--they canndt represent the appropriate seguence of

tasks which must be performed over a period of time,as is the case
with laboratory procedures.

As a result of these coné%ﬁerations one could cqncfude that
ﬁrocedUral atgorithms in thg laboratory could best be represented
in prose, flowchart, or list form. Appendix I contains an example

of ‘each of these rep§esentations. g

13




c. Possible Cosequences

Bacause each representation has its own unique characteristics

one might suspect that use of a given representation would have

A

specific consequences on the‘manner in which a problem is resolved
Research to date in the use of algorithmic representationé has
generally been limited to an examination of the efficiency of the
-algorithm in completing a procedural task as welllas decreasing
error rates {8). Only recently.has an atteépt been made to assess
higher order effects of tﬁege “ready-made algorithmic prgscriptions."
Coscarelli, Visscher, and Schwen (8) discovered that critical

thinking ability was devejoped by presenting an algorithm to £he

student in a flowchért rep;eﬁentatﬁon. Hhile there exists no
generally accepted explanation for this pggﬁgmeﬁon it is possible
that the mode of representation (in this case,a flowchart)'provide;
the.learner with a generalized model with which to approach prob-

lem solving. Carpenter in Solomon (1D) observed that media are

not simply envelopes into which letters of various kinds can be
slipped. The medium itself may be a message with a code and grammar
of its owﬁ:k Soloman has also suggested that medfa can affect cog-
nition much as language can structure thought.\\ﬁqpsequently, the
manner of representation could have a serendipitoug s{?e-effect,
that of iﬁbreasing overall probiem solving skills. ‘\R&\\

”
w2

PURPOSE DF THE STUDY ' -
The purpose of the present study will be to explore, in a

chemistry laboratory situation, the effect of different represen-

tations of functional algorithms on critical thinking ability and

™

laboratory efficiency. l4
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a, Statement of .the Problem 0 .

As wefﬁave seen eariier, eﬁch representat1on of an algorithm
has its own part1cular charactér}&tics Furthermore, there seems
to be somb ev1dence that theip representat1ons can affect the f\\

eff1c1ency ‘with wh1ch & task is. comﬂleted as we]l as. modify cog-

e prp—— ‘

nitive sk1lls As a reSult‘wﬁ are-posing two researdhable questions
e
1n re]ation»%o the use of flowchart, list form, and prose represen-
e . ~. " e
tat1ons of an algor1thmic brncess )

-

b. Researchab?é’&uest1ons

. -
{1) Wil1 the type of representation affect the time

necessary to cqyﬁﬂetei&\érﬁﬁgghrﬂz_a~- _

{2) Will the type of rpprgséhtatibn;affect critical
thfhking abi]jty ﬁs.a;;Sureﬂ on a standardized
test of critical thinking?

C. Independéﬁt Variéblegj

“The independenf variable will be the manner of representation
of the algorithms. The’ var1able w1ll have three values: These
are based on a systematic var1ation of three rules for represen-

tation, i.e., each statement in the algorithm provides information

critical to performing each step in the procedure, statements may

“*~contain one or more than one task, decision points may be repre-

sented vié flowchart symbcls, referral to numbered statements,
or standard prose. '
As ar algorithm defines each step of a procedure and accounts
for any-<possible occurrence, e.9., »if a precipitate occurs, add
2 ml. of NaNO3; if no precipitate occurs, centrifuge the solution;”

the representations will vary the characteristics of the manper in
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which each step is presented to the student. Each step in the
representations will contain only information necessary for the
completion of one task, e.g., "add 1 ml. of Hy0 to the testtube."
For the flowchart and list fgrm representation each stateménf will
contain only one task. (A statement is defined as the basic unit
of representation. For the flowchart this will be the area in a
box, for the rule- seb a. numbered .command, and for the standard -
prose representation this w1ll be a sentence. ) The .standard prose
representation will often have more than one task in a unit, é.g.:‘
"After you have added 1 ml, of Hzoito the testtube, stir-and
filter the SO]UtTOﬂ o g .
The three-values of the independent variable are ;FLOWCHART
REPRESENTATION {Group I} - .
(1) Each statement contains only one task.
(2) At decision points alternztives are 1nd1cated
graphically in ‘accordance with 10S Standard 102°--
“Inforﬁation Processing-F]owchart Symbols."
LIST FORM REPRESENTATION {Group II)
(1) Each statement contains only one task.
(2) At decision points -alternatives are indicated
through referral to numbered statements. '
(NB: It is the difference between Groups I and II that is of major
interest. These groups vary only one way--the representation of
the decision points and the alternat%ves.)
STANQARD LABORATORY REPRESENTATION (Group III)
.(1) Each statement may contain Pore than one task.

{(2) At decision points alterna.ives are indicated

through unnumbered statements.

16




14

Tablé 2 summarizes .the variations between groups.

»

o

GROUP '
RULE I1

i. CRITICAL TO TASK
2. ONLY ONE TASK

3. FLOWCHART
REPRESENTATION

TABLE 2

Dependent Variables

There are two dependent. variables in the present study:

score on the Watson-Glaser Critical Thinking Appraisal (W-6)
an@ time spent in performing the lappratory exercise:

'The degree of skill in cpitical thinking ability will be
defined in terms of the score on the W-G. Watson angvﬁlaser (1964)
t&ncludea that critical thinking can be viewed as a "composite of
attitudés, knoﬁ{gage, and skills." Thisﬁcompbsite includes: '
(1) Attitudes of inquiry that involve an ability to-recognize the’
existence of problems and an acceptance of the_éenera! need for
evidence .in support of what is ;sserted to be trdé.

(2) Knowledge of the nature of valid inferences, abstractiéns,
and geperalizations in which the ﬁéight or accuracy of different
kinds of evidence are logically determined.

{3) Skills in employing and apﬁiying the above attitudes and

knowledge. More speﬁjfically, a pérson with a2 high degree of

critical thiaking skills would be able to do the following:.

17
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(1) Defire a proﬁiém.

(2) Select pertinént infdrﬁation for the solution
?“ﬁ - } of a problem.tl -
(3) Recognize statéd and unstated assumptions.

(4) %ormulate and select relevant and premising
’ hynotheses. f ;
ﬂ“s),nraw valid corclusions and judge the validity
:fk f \\ ‘of inferences. (Dressel and Mayhew, 1954),

Independent studies (Houle, 1943; Morse and McCune, 1957; Hovland,

.
-

e
5

i

iQSQ;ARhft, 1960, 1962) have verfied.the construct validity of the
W-G as a\measure of critical thinking. Watson and Glaser (1964)
heporthgﬁ%plip-half rEli;bility coefficient corrected by the
épearman;érown formula of .85 for 1iberal arts freshmen. = °

The time spent in performing the lébOratbry exerci;é Was
measured by tﬁe two lab imstructors in each’lab. fheyiﬁere asked
to estimate the averabe time speﬁt by the students ﬁn coﬁpleting

_each 1ab exertise.

e. BDesign ) L w
The present stuhy is a pretest-posttest-design. Table 3

jjlustrates this design.

]
-

R 0 X 0 ,
) R 0> Xy 0
R 0 X3 0
TABLE 3 T ;
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Instrumentation

1. independent\vahiablés

For eacg‘of the values of ihe independent variable three
representation schemes wgresdevised in accordance with the rules
specified for each value. Appendix I 1ists an example of flow-
chart, rule:set, and siaﬁdard 1aboratory representations.

?.* dependent variables

The measure for critical thinking skill was a single score
ogrtﬁe W-G. The measure for time spent in performing the lab
exercise was a'primarily subjective estimateqﬁade by -the

laboratory Enstructorsl
!

g. Sample . ‘ ‘.
Approximately 190 students in an introductory laboratgky

chemistry codr;e at Indiana Univérs{ty:sloomington served as
respondents in the exﬁeriment; Ten intact c1as§es were randomly
- assigned to one of the three.treatment groups. Thifrgpgggcgd_a:"
nested design with classes nestéﬂ'hﬁHEFd;;égEﬁéﬁ;. Four ‘classes
totaling 82 students u§ed the flowchart representationt 3 classes
totaling 56 students used the list-form, and 3 classes totaling
52 students received the standard prose representation.

h. Procedures

Previous to the first laboratory session students were
instructed to purchase a particular color coded 1ab manual. The

use of this coding proceduré allowed the experimenter to assure

that there was no intermixing of representations in a given

laboratory session.’

A1l students were given the W-6 during the first week of

classes before instruction had begun. At the end of 11 lab

19
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sessions the W-G was administered. Alternate forms of the W-G

were randomly assigned to treatment-gfoups iﬁ'the pretest situation ¢
and then reversed for posttesting. It was felt that this would

help control for practice effects that might occur if the same

forms were used for both administrations.. Additionally, both forms

were .used on thé pretest to help assess differences attributable

to each form. (It was found that the scores differed in accordance’

with published standards and were properly equated in all analyses.)

In addition, estimates of completion time were collected from the

lab instructors.

RESULTS

- As was noted earlier the selection and assignment of intact
_classes prodlced a nested design. Ideally one -would begin the
analysis dsing an analysis of covariance (ANCOVA) with a nested
"désijn However, due to time limitations and the general lack of
an acceptablie computer program, the SPSS ANCOVA program, wh1ch does
not provide for a nested design, was run to determ1ne the effects ~
of mode of represeptation on critical th1nk1ng'abil1ty. (It should
be noted that a series of cne-way analyses of variance were per-
formed to determine that all treatment groups were not significantly
diffe;ent on the pretest.} The ANCOVA. procedure was selected to
provide additional precision in estimating the effect of the
-treatments by controlling for critical Fhinking ability as assessed”

by the pr‘etest.2

2The correlation between pre and post critical think1ng scores
was approximately .48. }

20
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a. Effect of Representation on Critical Thinking Ability

The results of the ANCOVA preocedure are reported‘in table 4&.

. SUM OF MEAN SIGNIFLCANCE
SOURCE SOVARES  df  SQUARE F OF F
COVARIATE ‘
. PRETEST 4402.674 1 4402.674 58.323 .001
. MAIN EFFECTS
3 REPRESENTATIONS 25.929 2~  12.964  .172 .842
ii .
EXPLAINEO 4303.982 . 3 1467.994 19.447 .001
© RESIOUAL 14040.734. 186  75.488
 TOTAL ¢ 18444.715 189  97.59]
- | TASLE 4 )

b. Effect of Representalion on Completion Time
Thé resyits of the various representations on completion time

are found in Figure 1.

INSERT FIGURE 1 AB0UT HERE

The X-axis represents the average completion time for each lab
session as reportqd by the lab 1nstructors.a,Each”mark along this
axis represents an individuzl laboratory session. The Y-axis
represents deviations from the average-laboratory completion time.
A pos%tive score iqqicates that the time of completion was greater
than average; a negativp score indicates comp]etion"tiﬂg Qas lass

than averrge. The units atong this axis represent minutes.

c. Effect on Grade for Qualitative Analysis Lab

Because there ;ppears to be.a hiéhly differential effect

between representations during the third and fourth labs an analysis

21
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of variance was added to assess the effect of mode of representation
on the grade for these labs. Table 5 reports the results of this
analysis. ANCOVA procedures were not deemed necessary (though

could be added later) due to the low correlation betﬁeen pretest

- score and grade on these labs (.14).

o
SUM OF MEAN
SOURCE df  SQUARES SQUARES F Prob.

BETWEEN GROUPS 2 317.4583 158.7292- 1.808  .167
WITHIN GROUPS 180 15806.7890  87.8165
TOTAL . 182 16124.4372 '

TABLE 5

* DISCUSSICN

" The present results suggest that there may ‘be no connection

i

between mode GF representation and critical thinking ability.' If
this is the case one might question the hypothesis of Solomon that
media can influence cognition much as lahguage structures?tﬁgught.
However, ohe might also Eonjectuﬁe that the strengtﬁ of the treat-
ment was insufficient to cause a change in overall problem solving
skills. To be sure¢, the effects of any of the representations ,
could be mediated by the availability of lab instructors and fellow
students who could provide additionél guidance (controlling algo-
rithms) in difficult situations. This would diminish the effect of
the representation in structuring new thought processes.

In an earlier study (Coscarelli, et al), critical thinking--as

defined by another measure, was enhanced by a flowcﬁart representation.

b
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If the transfer effect found in that situation existed; the
que;tion raised now is: Did the dependint variable in that study
measure critical thinking? If not, what did it measure? These
questions are wortﬂ further exploration. X
For the Fime being, the theoretical question must remain
unanswered; but the praxiological one of serendipitgus{side effects
' maf be one step closer to resolution. In a reai-world laboratory
situation there may not be much hope of generating critical thinking
via representation mode. .

In the area of efficiency we found an interesting effect among

rebresentation modes. Generally speaking, the flowchaét group
performed poorly compared to other representations on the initial
labs, moved on to demonstrate efficiency and then tapered off.
For the prose group the resplt was the reverse before tapering.

W s
V}he l1st form group proved the most stable across all labs.

;/’ _ One m1ght hypothesize that these results can best be explained
as a function of familiarity and algorithmic difficulty. For the
Students using the flowchart representations, an initial period
of adjustment to.an unfamiliar mode of representation was necessary.
Those using representations more nearly pqrallel to standard prose

found initial adjustment quite elementary. However, upon encountering

the Gualitative experiments, perhaps the most difficult of the labs,

_the flowchart provided a definite advantage to the student in

. clarifying a complex series of instructions. Additionally, an
analysis of the score for these labs indicates there exists no
significant difference between grouﬁs. In this instance, one

-

could argue that the use of flowcharting provides an efficieut 1
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and effective method of representing a functioqal algorithm of
identification.

Interestingly enough the list-fo}m remained most constant
acrass.labs in approaching the average time of completion. iater,
in a final laboratory experiment where students were required to
develop their own set of procedures for a lab exercise; students
would tend to 1is% the procedures in the manner fin which they had
received inséruction, i.e., flowcharts used in the flowchart group,
etc. However, if the procedures were not detailed in the mode of
instruction they were almost always presegked in a list-form.: This,

1

despite a lack of interaction with the li;i—ferm.representation.

may indicate a generalized mode of thinking among students in

approaching a complex prc.eduré, Agdfn, it remains a question
open to further exploration.

Finally, the tapering effect found after the first four lzbs
may be due to the students' ability to deal with the environment,
*no§ as the_na1ve resbondents they were upon entering the course,
but as relatively sophisticated chemist;. As they became more
assured and knowledgeable it Hoqld be possible for them to move
from ‘the crutch of a specific represéﬁtation mode and attend to
the complexities of the individual task; transcending the repre-

sentation scheme.

CONCLUSION

We have seen that the mofie of representation.foﬁ algerithmic
situations may not provide increase in a generalized skill such
as critical thinking but that it may have an advantageous effect

on more specific me¥stres of efficiency and effectiveness (as
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measured by tasks ciosely. related to the use of the procedure} in

complex situations. What we may have seen is that the mode of
representation can be a useful tool or hindrance depepding on the
compiéxity of the task and as with so many o@her things task.éom-
plexity is a relative matter, 1.9;, 1ab ﬁfocedurES initially found
difficult may be difficult to faciors beyond the stope of the
glgorithm involvad such as situation familiarify, confidence, etc.
%or these situations a flowchart or list-form may prove most use-
ful. 0In other situations~whe}é complexity is not an issue, repre-
sentations are equalized and might best be selected using an

affective criteria of student preference.
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) _ QUALITATIVE ANALYSIS: FLOWCHART REPRESENTATION

» . .
3
~
- v
.

-
f Select two test tubes |
i.

- To fest twbe #1, add
. {1 mlof 250-50
midure of 0.1 M NaCl
and 01 M Nal

To last tuhe #2, add
1 mbL of unknown soin

Cr and I' absent
o other anion tests

Cr and | absent
Go to cther anion

| Perform Special Test for I |




QUALITRTIVE ANALYSIS: LIST-FORM REPRESENTATION

Select two test tubes.
Add 1 ml of a 50-50 misturé of 0.1 M NaCl and 0.1 M Nal to test tube Hl
Add 1 ml of the unknown ,to test tube #2.
Add 1 ml of 6 M HNOz to each test tube.
Add 1.ml of 0.1 MtAgNO to each test tube.
If a prec1p1tate occurs, f0 to statement #9;
If no precipitaté occurs, go to statement #8
Cl- and I are- abéent Go tb statement #39.
A 1ml 6 M HNO5. !
10. If the prec1p1tate remains, go to statement #12.
11. If no precipitate remains, go to statement #8
12. Centrifuge the ‘solution.
13, Add a few drops of 0.1 M A,NO; to supernate. - -
.14, 1f a precipitate occurs; gg to statement f12. ‘
-15. If no precipitate occurs, g0 to statement 16 .
" 16. Centrifuge the solution.
17. Save the precipitate. ,
" 18. Ada 1 ml 6 M NH3 to precipitate.
19, Stir solution.
20. If the precipitate remalns, go to statement §22.
212, If no precipitate remains, go to statement #27.
22. Centrifuge the sofution.
23. Save the supernate, .
24. Add 1 1/2-2Z ml 6 M HND3 to supernate.
25, If a white precipitate occurs, go to statement #30.
26. If no white precipitate occurs, go to statement #33.
27. Add:'1 1/2-2 ml of 6 M HNO, to clear liquid.
28. If a white precipitate océurs, g0 to statement #35.
29. If no white precipitate occurs, go to statement #37.
30. Cl- p :ssent.
31.. Perform special test of I-.
32. Go to statement #38.
33.+ Cl- present.
34, Go to statement #31,-_
35. (Cl- present and I- present.
36, Go to statement #36.
37. Cl* absent and I- absent.
38. STOP s
39, Proceed to other anion tests

O 00 ~2 T\ U > L I =
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QUALITATIVE ANALYSIS: STANDARD PROSE RkPRESENTATIGN

&

Select 2 test tubes adding 1 ml of a $0-50 misture of 0.1
M NaCl and 0.1 M Nal to the first test tube ancd 1'ml of the
unknown to the second. Then add 1 m1 6 M HNO= and 1 ml of 0.1
M AgNO; to each test tube. If no precipitate occurs\you have
determined that Cl- and I are absent and you should proceed to
the-other anion tests. If a precipitate occurs add 1 ml of
6 M HNOz. [If the precipitate disappears; Cl- and I are absent
and you should proceed to the other anion tests. If the
precipitate remains, centrifuge the solution and add a few
drops of 0.1 M AgNO3z to the supernate. If a precipitate occurs, -
centrifuge the solution again and add a few more drops of the
6.1 M AgNO;. Continue to do this until no precipitate occurs.
At this point,centrifuge the solution and save the precipitate.

Add 1 m1 of 6 M NH; to*the precipitate and stir. If mo
precipitate remains add™1 1/2-2 ml 6 M HNO3 to the clear liquid. "
If a white precipitate occurs Cl- is present and I is absent. -

If a white precipitate does not occur, Cl- and I are absent.

If, after adding the 6 M NH; a precipitate does -remain, .
centrifuge the solution and save the supernate. Add 1 1/2-2 ml

of 6 M HNO, to the supernate. If no white precipitate forms

Cl- is absént. If’a white precipitate forms, Cl- is present. r
In either case, it is necessary to perform the special test for I.

ﬂ




A FINAL NOTE

Because of the pature of this study I must also
ackndw%edge tie contributions of Marty Visscher who was
my 91ient in the development of this course and Tom Schwen
who'served as_coﬁsu?tant and teacher throughout the pro-
jgct. The chemistry {excuse the pun).of the team léd to
a synergistic whole that wili not be Bupiicated for some-

n

time fo come.




